tory parenchymal necrosis and lysis associated with groups of bacteria (probably secondary infection), with focal hemorrhages. Structurally distinct types of schizonts with slender merozoites (Fig. 14) or short stubby merozoites (Fig. 15 ) were seen.
Intestinal coccidiosis was seen in echidna nos. 2, 4, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Lesions were more severe in the small intestines of echidna nos. 2 and 5 and consisted of desquamation of epithelial cells of glands of Lieberkiihn and surface epithelium, hypertrophy of villous epithelium, and mononuclear cell infiltration in lamina propria. Gamonts and oocysts Pacific region, 18, 19 although this association has been disputed. [2] [3] [4] Cycad toxicosis has been reported in livestock, primarily ruminants. 5, 6, 10, 11, 15, 16 Two distinct syndromes, neurologic and hepatic-gastrointestinal, 15 have been described in ruminants.
Ruminants with the hepatic-gastrointestinal syndrome of cycad toxicosis were depressed and anorectic 10,16 and lost weight. 16 Necropsy findings included cirrhosis, ascites, and hemorrhage and necrosis of the mucosa of the small intestine and abomasum. 10, 15 Microscopically, hepatocellular megalocytosis, periacinar necrosis, fibrosis around central veins, cholestasis, and biliary duct hyperplasia were present. 10, 15 The neurologic syndrome of cycad toxicosis in cattle-has been called Zamia staggers. That syndrome is characterized clinically by weight loss followed by lateral swaying of the hind quarters, with weakness, ataxia and proprioceptive defects in the rear limbs. 6, 11 Demyelination and axonal degeneration were present in the brain, spinal cord, and dorsal-root ganglia. 11 Surviving cattle remained ataxic and-had secondary atrophy of the musculature of the hind quarters. 6, 11, 15 have been linked to the hepatic-gastrointestinal syndrome of cattle. 10, 14, 17 Goats dosed with purified cycasin 16 developed hepatic and neurologic lesions similar to those that occurred in cattle after ingestion of cycad leaves and nuts.
A dairy herd in Puerto Rico reported increased mortality among replacement heifers between 1988 and 1991. All deaths occurred between February and August. At least 15 heifers died in 1988 and 1989, 39 died in 1990, and 35 died in 1991. During these years, yearling replacement heifers on this farm had been divided into 3 groups of approximately 200 heifers each and placed on 3 separated pastures (consisting mostly of pangola grass) with free access to molasses. Well water was provided in tanks ad libitum. All the affected heifers came from 1 of these pastures.
On May 9, 1991, summaries of clinical signs and necropsy findings from heifers affected in 1991, serum chemistry (10 heifers), complete blood count data (3 heifers), and selected tissues (liver, kidney, heart, small intestine, spleen, skeletal muscle, brain and lung) collected from 4 necropsied heifers (tag nos. 66, 30, 19, and 987) were submitted by 1 of the authors (CRC) to the Indiana Animal Disease Diagnostic Laboratory for evaluation. Cycads contain several potentially toxic com-Clinically affected cattle were depressed, became emacipounds, 10, 13, 14, [15] [16] [17] [18] [19] including glycosides (e.g., cycasin), metabated, and had pale or icteric mucous membranes. Five of the olites of these glycosides (e.g., methylazoxymethanol [MAM]), 35 heifers affected in 1991 also exhibited neurologic signs a neurotoxic amino acid (beta-methylamino-L-alanine (primarily aggressiveness and other behavioral changes) 2-5 [BMAA]), and an as yet uncharacterized high-molecular-days prior to death. weight compound. 13, 15 The specific effects of each compound One heifer had a mild leukocytosis characterized by lymhave not been determined, but cycasin and its metabolites phocytosis and monocytosis, and 2 other heifers had mild Table 2 . Serum chemistry results for 10 heifers with cycad toxicosis. neutrophilia with a total white blood cell count within the normal range (Table 1) . Serum chemistry alterations included hypoalbuminemia (8/10), hyperbilirubinemia (4/10), hyponatremia (8/10), hypokalemia (1/10), and increased serum activity of gamma glutamyltransferase (GGT) (3/7) and aspartate aminotransferase (AST) (3/3) ( Table 2) .
Necropsy findings included pale or icteric mucous membranes, subcutaneous petechiae, petechiae over the serosa of abdominal organs, and marked ascites. The livers were firm and yellow with a prominent lobular pattern and rounded edges (Figs. 1, 2) . No gross lesions were observed in other fresh tissues.
Significant lesions in the tissues submitted from the 4 heifers were confined to the liver. The livers of heifers nos. 66 and 30, which died in April, had coagulative necrosis and loss of centrilobular hepatocytes, with hemorrhage, and fibroplasia, and infiltration by various numbers of plasma cells, lymphocytes, and neutrophils ( Fig. 3 ). Heifers nos. 987 and 19, which died in May, had severe, extensive, bridging, perilobular fibrosis, and fibrosis around central veins ( Fig. 4) . Lobular size and necrosis and loss of perilobular hepatocytes with replacement by fibrous connective tissue were variable. Portal structures were surrounded by dense fibrous connective tissue with occasional mutinous degeneration and infiltration by low numbers of plasma cells, lymphocytes, and macrophages laden with hemosiderin. Centrilobular fibrosis and necrosis were mild compared with that in heifer nos. 66 and 30. A few hepatocytes were enlarged (approximately 60 µm in diameter), with large oval vesicular nuclei, single prominent nucleoli, and abundant eosinophilic cytoplasm (megalocytes). These cells were randomly distributed throughout all sections of liver examined and were especially prominent in areas of periportal fibrosis (Fig. 5 ). In addition, all sections contained intracanalicular cholestasis and varying degrees of hepatocellular degeneration (lipidosis).
Based on these hepatic lesions, differential diagnoses at this time included aflatoxicosis, pyrrollizidine alkaloid toxicosis, sporodesminosis, and cycad toxicosis. Examination of the suspected pasture by the referring veterinarian and a botanist was recommended.
The suspected pasture was examined by 1 of the authors (EM). Numerous cycad palms, Zamia puertoriquensis, were identified in the affected pasture. All 3 pastures had Crotalaria sp., Lantana sp., and various plants containing oxalate salts. Only the cycad palms (affected pasture) had been grazed extensively. New leaves were preferentially grazed, although some nuts had also been eaten by the heifers.
A tentative diagnosis of cycad toxicosis was made based on the history, clinical signs, and gross and microscopic le- sions. To help support this diagnosis, a fifth heifer exhibiting neurologic signs (ataxia and loss of conscious proprioreception in the rear limbs) was euthanized. Hepatic lesions in this heifer were similar to those described in heifer nos. 987 and 19, although hepatocellular megalocytosis was more pronounced.
The brain and spinal cord were sectioned at regular intervals. Spongiform degeneration was present in the brain stem at the level of the obex, thalamic adhesion, and cerebellar peduncles and in the spinal cord in cervical, lumbar, and sacral segments (Fig. 6 ). Lesions in spinal cord were limited to the dorsal and lateral funiculi and were most severe in the cervical region. In addition to spongiform degeneration, affected spinal cord had mild axonal degeneration characterized by swelling of axonal sheaths, condensation, and loss of axons. With Luxol fast blue stains, decreased staining affinity was observed in areas of spongiform degeneration in the tenuation of myelin layers. Numerous distended axonal brain stem and spinal cord.
sheaths that were devoid of axons were present (Fig. 7) . Ultrastructurally, in the areas of spongiform degeneration Clinical signs and lesions in these heifers indicated that the neuropile was disrupted with numerous free mitochonthey developed both the hepatic-gastrointestinal and the neudria. Axons in that region had extensive separation of myelin rologic forms of cycad toxicosis after ingestion of the leaves lamellae with condensation, vacuolation, and multifocal atand nuts of Zamia puertoriquensis. Young leaves of cycad Transmission electron micrograph of an area of spongiform degeneration in the brain stem of a heifer with cycad toxicosis. Note extensive separation of myelin lamellae (arrow head). The neuropile contains numerous distended myelin sheaths (S) devoid of axons, in addition to free mitochondria (M). One axon has focal attenuation and separation of the myelin (black arrow). Uranyl acetate and lead citrate, 5,610 x . plants are extremely palatable, 15 and cattle once exposed to cycads will preferentially seek out and graze these plants to the exclusion of others. 19 The neurologic form of cycad toxicosis is considered more common in cattle, unlike in sheep, in which the hepatic-gastrointestinal form is more common. 10, 15 The form of cycad toxicosis that develops in these ruminants may be a manifestation of the quantity of cycad glycoside ingested rather than a species-specific effect. Nuts contain a higher concentration of cycad glycosides than do leaves, and although cattle prefer leaves, sheep readily consume both leaves and nuts. 15 Because the heifers ingested both nuts and leaves, the amount of cycad glycoside may have been high enough to cause the more severe, acute hepatic lesions that are more common in sheep. 10, 15 In the first 4 heifers, the only lesions attributable to cycad toxicosis were in the liver. These lesions were similar to those reported in cattle, sheep, and goats with the hepatic-gastrointestinal form of cycad toxicosis 5, 10, 15 Liver disease was manifested in intoxicated heifers prior to death by hypoalbuminemia, hyperbilirubinemia, and increased serum activity of GGT and AST. Mild hyponatremia and hypokalemia as seen in these heifers has been reported in other cattle with cycad toxicosis. 1 However, hypocalcemia and azotemia also reported in cattle with cycad toxicosis 1 were not found in these heifers.
Lesions in the brain and spinal cord of the fifth heifer were compatible with those described in ruminants with cycad toxicosis. 6, 11, 16 These lesions may be caused by an unidentified high-molecular-weight compound. 13 More recent investigations in goats, however, suggest that these lesions are directly due to ingestion of cycasin. 16 The spongy degeneration in the central nervous system of the fifth heifer was similar to that in previous reports of Zamia staggers, but the degree of axonal degeneration was less pronounced. 11 This spongy degeneration may have been a sequela to hepatic disease (hepatic encephalopathy), which has been attributed to hyperammonemia in ruminants. [7] [8] [9] Behavioral changes similar to those exhibited by these heifers have been reported in other cattle with advanced liver disease. Hepatic encephalopathy was probably not the sole cause of the ataxia, axonal degeneration, or myelinopathy in these heifers. These lesions are not present with hepatic encephalopathy, and although the spongy degeneration of hepatic encephalopathy is reversible, 11 the axonal degeneration of cycad toxicosis is not. 10, 19 Although autolysis and formalin fixation may have contributed to the microscopic and ultrastructural alterations in brain stem and spinal cord, the severity and the limited distribution of these lesions suggests that spongiform degeneration and myelinopathy were due to cycad intoxication.
The heifers in this report were also exposed to other potential hepatotoxic plants, Lantana and Crotalaria. Lantana toxicosis was unlikely because renal and myocardial lesions also typical of poisoning due to that plant were absent. 1 Crotalaria does produce a more similar syndrome. These plants probably did not have a primary role in the development of the hepatic disease in these heifers, however, for several reasons. Heifers grazing on other pastures containing these plants, but not the cycad palms, were apparently unaffected. The Crotalaria and Lantana in the pasture with the cycad-intoxicated heifers had not been noticeably grazed. No additional heifers were affected after they were removed from the pas-ture containing cycad palms, and after cycad palms were destroyed, the pasture was utilized without recurrence of toxicosis.
